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Introduction
The wealth gap between whites and minorities in the United States has reached record highs (Taylor, Kochhar et al. 2011 , Shapiro, Meschede et al. 2013 . Several studies document the importance of higher incomes, larger inheritance and higher rates of home ownership amongst whites in the widening gap in the wealth accumulation (Gittleman and Wolff 2004 , Borgo 2013 , Shapiro, Meschede et al. 2013 ), but controversy remains over the role of savings behavior and asset returns in accelerating the gap.
Savings behavior, the choice to save or spend a certain proportion of one's income and how to save across investment options (i.e. housing, pensions, stocks, bonds, etc) , is very difficult to assess because detailed longitudinal data is required. Though several studies have tried to assess racial difference in asset accumulations and returns, some controversies remain. Gittleman and Wolff (2004) use the Panel Study of Income Dynamics (PSID) data, which follows the same families to examine differences in the rate of wealth accumulation of white Americans relative to African Americans. They find that the majority of the difference in asset accumulations over the 10-year period is driven by larger inheritances and incomes for white families. They find no difference in savings rate conditional on income and find no evidence of difference in asset returns. In a more recent study Del Bago (2013) uses the Health and Retirement Survey and finds that after accounting for income differences some of the wealth gap can be explained by lower capital gains for African Americans. She finds that the lower capital gains may be due to the lower appreciation rate of housing owned by African Americans and differences in the rate of investments in high-return assets such as stocks. Another study by the Social Security Administration (Choudhury 2001) ., which uses administrative data, finds that at every income quartile and educational level, the percentage of African American and Hispanic households that own risky, higher-yielding assets is considerably smaller than the percentage of white households that do. She concludes that some of the wealth gap appears to be attributable to differences in savings behavior and rates of returns on investments chosen by each ethnic group.
Another major barrier to understanding the wealth gap is that incentives to save in non-housing wealth, particularly 401(k) type pensions, vary substantially by one's occupation and even one's company. Therefore, even if studies can control for income, they may not be able to adequately account for the vastly different savings incentives offered by employers. As employer-based defined contribution plans replace traditional defined benefits pensions, these saving vehicles are becoming a larger share of wealth; understanding racial and ethnic differences in these savings vehicles becomes increasingly important because individuals bear the responsibility of ensuring adequate saving for their retirement.
This study examines one aspect of asset accumulation and savings behaviors, using company-sponsored 401(k) benefits. Following a cohort of workers from a single, geographically diverse national company will allow us to examine the extent to which savings behavior differences persist in participation, contributions, balances, and asset allocations in 401(k) pensions across different minority groups facing similar information and incentives. Importantly we intend to control for changes in health (Pollack, Cubbin et al. 2013 ), document differences in choices of asset types across groups and comment on pathways, which may underlie the observed differences and ultimately accelerate the wealth gap.
Factors that May Affect 401(k) Behavior
Here we survey the relevant literature in preparation to attempt to clarify potential pathways via which any observed differences in behavior across ethnicities may manifest.
401(k) Plan Awareness and Financial Literacy
An individual's familiarity with the structure of the 401(k) plan offered by his/her employer and understanding of the various investment options may be an important factor in determining his/her willingness to participate and contribute to 401(k) plans. Familiarity breeds confidence, and individuals who feel that they understand how the system works may be more willing to participate and also trust a larger portion of their savings to the plan. More financially-experienced individuals are also likely to allocate funds within a pension plan differently. Clark and Schieber (1998) examine the effect of plan awareness on 401(k) participation and contributions via a dataset of employees from 17 different companies ranging in size from 7,000-10,000 workers. They separate the workers via inferred different levels of employee communication. At the first level, workers received only plan enrollment forms and periodic statements of balances. At the second level, workers received generic newsletters regarding information on 401(k) plans. The third level of communication involves communication materials specifically tailored to the employer's 401(k) plan. They find that more dissemination of information increases participation and contributions. In a more recent study, Shah Goda, Manchester et al. (2012) uses an experimental design to provide over 16,000 employees at the University of Michigan customized information on projected future account balances and retirement income bases on increases in current participation and contributions. Using administrative data, they find increased participation and contributions for those who receive the most informative and customized mailings.
Beyond specific plan knowledge, studies have also shown that general financial literacy (i.e. such as a working understanding of the benefits of compound interest, risk diversification, tax treatment of retirement savings, and inflation) has some effect on 401(k) behavior. Mitchell and Hastings (2011) examines the linkage between financial literacy and retirement savings using evidence from the 2009 Chilean Encuesta de Proteccion Social (EPS) (similar to the US Health and Retirement Survey). They find that financial literacy has a significant and positive effect on pension savings controlling for education and income. This effect appears to hold in the US as well. Using US Health and Retirement Survey data, Lusardi and Mitchell (2007) find a positive link between financial literacy and planning, as well as between planning and wealth. They show that planning increases wealth rather than vice-versa and again conclude that financial literacy has a positive effect on retirement savings. Cole and Shastry (2009) find a positive relationship between financial literacy and general financial market participation (Heinberg, Hung et al. 2014) . However, while participation is increasing in financial literacy, they find no significant effect on portfolio allocations. Important for this study, several previous studies document substantial differences in financial literacy amongst minorities as compared to whites. Indeed, African Americans and Hispanics display the lowest level of financial knowledge in the U.S. context, regardless of the financial literacy measure used (Lusardi and Mitchell 2014) .
Institutional (Dis)Trust
A complementary literature finds important differences in attitudes regarding saving institutions between white Americans and minorities (Lusardi and Mitchell 2014) . Studies suggest that African Americans may generally feel mistrust in investing in equity markets (Mabry 1999), or perceive discrimination and self-select away from formal financial institutions where they feel discriminated against (Longhofer 2004, Apgar and Calder 2005) . Recent media accounts highlight historical and recent accusation of racial discrimination on the part of financial institutions (Savage 2011 , Savage 2012 , Coates 2014 . These accounts suggest that distrust is justified and may further exacerbate latent distrust. Alternatively, difference may be driven by the access to information and the types of financial institutions that serve different ethnic groups which are often segregated in different communities (Rugh and Massey 2010) .
Network Effects Many aspects of human behavior are now believed to be influenced by peer groups (Evans, Oates et al. 1992 , Karlan 2007 , Webel, Okonsky et al. 2010 , and there are also studies suggesting that 401(k) behavior is as well. Duflo and Saez (2002) examine the pension decisions of employees of a large university. They identify peer groups by dividing individuals into sub-groups by departments, and instrumenting average group participation using salary and tenure within groups, find a significant effect of peer behavior on participation and fund choice. Outside the realm of pensions, Hong, Kubik et al. (2005) find that stock market participation increases with peer participation. If minorities have historically been less likely to invest in financial assets, then peer effects could further explain current differences.
Investor Economic Preferences
The investment goals of the individuals in question may lead to differing 401(k) contribution behavior. Munell, Sunden et al. (2001) examines the effects of an individual's planning horizons on contributions and participation using data from the Survey of Consumer Finances (SCF). They find that individuals with longer planning horizons tend to participate and contribute more. Relatedly, Mitchell and Hastings (2011) examine the effect of (im)patience on contributions using evidence from a dataset of Chilean EPS respondents (see financial literacy section). They find that individuals who are better able to forgo current gratification for a better future outcome tend to also place more of their income into pensions accounts.
Another important investor preferences that may relate to 401(K) savings is risk aversion. While most 401(k) plans allow participants to invest in low risk options, participants may not be fully aware of this or may not feel comfortable taking on the risk associated with a somewhat illiquid asset. The theoretical literature suggests that risk preferences influence stock market participation, contributions and allocations (Michaelides and Gomes 2005) , and seminal work from the Health and Retirement Survey on risk aversion provides empirical evidence that risk aversion affects a series of risk related behaviors including investing in stock (Barsky, Kimball et al. 1997 ).
Non-401(k) Financial Circumstances Financial theory suggests that 401(k) savings decisions and asset allocations within 401(k) accounts are not made in a vacuum. Rather, investors consider all their asset holdings when making financial plans. Many issues can influence an individual's pension savings, including spousal income and savings behavior, existing wealth, medical conditions and family expenditures. Pence (2002) suggests that 401(k) savings have little to no effect on actual household savings. Rather, she finds weak evidence that individuals substitute external (non-401(k)) real assets for 401(k) balances. If individuals have marginal utility functions decreasing in wealth, we would expect that individuals with higher wealth would save less. If utility is also decreasing in absolute risk aversion (DARA), we would expect individuals with higher wealth to maintain riskier (in the absolute sense) portfolios. Given that minorities have lower wealth holdings than do whites, and also have lower incomes (Gittleman and Wolff 2004) , this would suggest that all other factors equal, a minority individual may behave differently to a difference in wealth (either inherited or from previous income).
Household Budget Constraint While current individual income will obviously affect participation, contributions and balances in 401(k) accounts, household income is a more important determinant. Households jointly optimize their retirement savings accounting for relative current resources and constraints as well as desired long-term savings (Lundberg and Ward-Batts 2000) . Current household income, which would include any spousal income, and current total retirement savings, which would include spousal saving, are key factor in determining a worker's individual choices in their personal 401(k) account. In addition family composition affects individual savings through their budget constraint and could affect substantially saving behavior (Scholz and Seshadri 2007) .
There are well-documented differences is household income, particularly for women across racial and ethnic lines (Corbetti and Hill 2014) , that could drive any relationship between race and savings. There are also differences in household composition, which should affect available resources (Passel, Livingston et al. 2012 ).
Plan Characteristics
Employer 401(k) plans differ along two key dimensions: employer match rates (the percentage of employee contributions that the employer contributes on the employee's behalf) and access to funds (the ability draw upon 401(k) balances before retirement via withdrawals and loans (Love 2007) .
In theory the existence and introduction of a match rate has an ambiguous effect. On one hand, a larger match rate increases the return on 401(k) savings, but at the same time allows individuals to meet retirement targets with lower contributions. The effect of employer match rates on contributions depends on which of these two effects dominates. Evidence suggests that access to funds and the introduction of an employer match increase participation and contribution (Basett, Fleming et al. 1998 , Clark and Schieber 1998 , Munell, Sunden et al. 2001 . However, the effect of introducing an employer-matching contribution is small on non-highly compensated workers (Mitchell, Utkus et al. 2005 ). The effect of increasing an existing employer match rate is controversial and previous studies have encountered mixed results. While some researchers have found that increasing the match rate increases contributions (Pepke and Poterba 1995 , VanDerhei and Copeland 2001 , Choi, Laibson et al. 2002 , Engelhardt and Kumar 2007 , Chetty, Friedman et al. 2012 , others have found the opposite (EBRI 1994 , Munell, Sunden et al. 2001 ).
The option to access funds in 401(k) savings plans should theoretically affect participation rates and contributions by making such assets more liquid in case of an adverse economic shock. The IRS sets a 10% penalty in addition to the income tax ramifications for early withdraws from 401(k) savings accounts. However, the IRS mandated penalty does not apply in many cases, and many early withdrawal events are not penalized. The most important exception is for employees aged 55 or older who take a withdrawal when they separate from an employer. Taxpayers can also get an exemption from the penalty if they take withdrawals for hardship reasons, home purchase, and post-secondary education (Argento, Bryant et al. 2015) . Employee access to 401(k) accounts via loans is regulated by the employer's particular plan instead of the IRS. VanDerhei, Holden et al. (2009) calculate that 88% of 401(k) participants belong to plans that allow participant to take loans, and the terms of the loan are set by individual savings plans. These loan characteristics have previously been shown to affect the amount and frequency of loans (Beshears, Choi et al. 2010 ).
In Figure 1 we summarize these overarching pathways. We denote pathways for which we believe race differences could be an important contributor. We also highlight those pathways for which we have some measure that we could exploit to better understand pathways to explain the racial difference we document.
Methods
We examine 401(k) savings and withdrawals behavior of employees over a period of 8 years (most of our models only include 6 years due to missing data for 2008 and data issues in 2005), specifically focusing on differentials between Whites, African Americans and Hispanics).
We examine savings behavior along five dimensions for each year in the sample period. These include participation in the employer's 401(k) plan, and conditional on participation, we examine 401(k) contributions, balances, withdrawals/loans and whether an individual made any contributions to a particular kind of fund in that year (stock funds, money markets and bond funds). During each year, we observe information about the individual's salary, health conditions as well as detailed demographics about each person.
This setting allows us several advantages in addressing the racial wealth gap. First, we are able to examine individuals who are making decisions within a common incentive system. This allows us to overcome the issue of heterogeneity in employer-offered 401(k) plans, which may otherwise interact with racial distribution across employers in a way that could bias the analysis. Second, the heterogeneity among individuals in our dataset is likely reduced compared with most other analyses in the literature, which sample nationally and across a wide array of occupations. While reducing the generalizability of the results obtained, this also allows us to reduce the error resulting from widely differing demographic characteristics of different races across occupations.
Finally, we are able to observe the behavior of our cohort with relatively little measurement error because it is derived from administrative records, as opposed to self-reported savings, which has been previously shown to be inconsistent (Gustman, Steinmeier et al. 2008) . These data are derived from the company's third-party 401(k) administrator and therefore provide us with precise numerical data for contributions, balances and most of the demographic variables. In addition, we are able to conduct a variety of mediation analyses to understand pathways underlying the observed differences. Despite these strengths, there are still many factors that we are unable to fully account for in this analysis, e.g. non-401(k) financial circumstances, institutional trust, network effects described above. Most notably we have no information on personal or family savings external to the employer's 401(k) plan and household income and assets. Furthermore, given the complexity surrounding the factors that drive savings behavior, which include cultural, historical and demographic factors, we focus on describing the differences and test several hypotheses regarding the underlying pathways.
Data Baseline Sample
In order to ensure that we observe each individual's behavior for all the years in our sample period, we restrict our sample to those who are continuously employed over the period [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . The sample of workers survived a series of large layoffs in 2009, and therefore previous studies have shown that this surviving sample is selected to be healthier (Modrek, Hamad et al. 2015) and likely more productive. This does not represent a major problem as the main focus of this paper is behavior differentials between ethnicities; reducing the sample in this manner only serves to illustrate that the results we obtain hold across individuals of possibly higher levels of financial literacy, albeit with reduced generalizability. We make three further restrictions on our cohort:
Employee type: We remove executives from the sample as they are not likely to behave the same way as regular employees. (205 individuals removed from the panel.) ii) Salary: We retain only workers who earned at most $200,000 for every year in the sample period. This avoids bias resulting from the cap in 401(k) contribution amounts (see plan details below) and differences in behavior of especially high earners, who are also likely to be more financially literate. This represents 1.1% of the sample, or 115 people. Furthermore, individuals who have high salaries are more likely to participate in outside investment vehicles and otherwise have more savings outside the plan (Bricker, Kennickell et al. 2012 ). Since we are unable to account for external investments, restricting our sample to those who do not earn too much reduces the bias from such considerations. iii)
Risk Score: This is a numerical score (produced by Verisk®) designed to capture the amount an individual is expected to pay for health care in a given year. It is normalized such that a risk score of 1 corresponds to a mean level of health care payments (with respect to the population of US workers covered by commercial health insurance in that year). A risk score of in a year then indicates that the individual is expected to pay times the mean for health care in the following year. In order to reduce bias from extremely ill individuals, we limit out cohort to only individuals whose risk score never exceeds 6 during the 2003-2010 period. (461 people removed, not including the 115 individuals removed as a result of the salary limit)
Our final baseline panel comprises 9,622 workers and 71,386 observations over 7 years, and will be further reduced depending on availability of data (for most of our analyses we did not receive data for 2008, and we have excluded 2005 from the analysis as there are some data irregularities in that year that we have been unable to account for). Table 1 provides demographics for this cohort. The cohort is predominately male, 83%, and about three-quarters hourly workers across 29 different US locations. The racial composition of the cohort is 83% White, 8.3% African American, 6% Hispanic and 2.8% Other (this category includes Native Americans and Asian Americans). The average age in our final observation year was 52. The median annual salary was $53,666 over all years in the sample period and the median risk score was 0.788 (our sample is healthier on average than the population of working US adults covered by employer sponsored health insurance). Our cohort held a median of $52,522 in 401(k) balances.
Outcome Measures

Participation
Our participation measure is a binary variable, which takes on the value 1 if workers participated in the 401(k) plan. If any contribution was made to the 401(k) account, either by the individual or the company in a given year, then the worker is considered to be a participant. In Figure 2 we present the secular trend in participation rates by age and race (including only the three largest race/ethnic groups) over the study period. For each group there is a secular trend of increasing participation over the eight-year period, but with some decline or stabilization after 2009.
Contributions
We measure contributions in two ways, either as the log of contributions or as a percent of the worker's yearly income. The former is the natural log of the dollar amount contributed by the individual to all the 401(k) accounts in the given year. Transforming monetary values by taking logs is customary when dealing with dependent variables that are highly skewed to stabilize the variance. The latter is, as its name suggests, the proportion of an individual's yearly income that was made in contributions to his/her 401(k) accounts. We include in the regressions only those individuals who participated, and we use White's heteroskedasticity correction as an added measure against inaccurate standard errors. In both measures the contributions variables include both contributions made by the employee herself and those made by the employer on her behalf. 1 Figure  3 displays median contributions by age and race, showing an increase in median contributions over time, as well as a tendency for White workers to contribute more than their Hispanic or African American counterparts of the same age group.
Balances
We measure total balances in all the 401(k) accounts on one date each year. Here again we log transform the balances to stabilize the variance of the dependent variable. Figure 4 illustrates the median balances held by individuals over time, by age and race. As expected, the balances grow over time, with some widening of the gap between groups.
Withdrawals and Loans
Hardships or large purchases may cause an individual to require access to a substantial sum of money during some point in his or her career. The employer's 401(k) savings plan offers withdrawals and loans as methods for employees to gain access to funding sourced from their 401(k) savings and they differ only in the technicalities of when an individual may request one or the other as well as the penalties that apply. As such, we analyze them together and to provide a joint picture of how often individuals of different races access their 401(k) savings during their working lives. There were a total of 10,151 withdrawals and 7,915 new loans made during the sample period. Individuals 59.5 years or younger may at any time withdraw the current market value of their after-tax contributions, whereas pre-tax contributions can only be withdrawn under specific conditions such as serious medical conditions, to pay tuition for graduate or college education for oneself, spouse or legal dependents, or for funeral expenses, and only after other avenues of sourcing funds are exhausted, including taking a loan on 401(k) balances. There are no restrictions on withdrawals for individuals older than 59.5. There may be tax penalties associated with early withdrawal and both income and capital gains taxes are due on untaxed income that is withdrawn.
Loans from the 401(k) plan are divided into general purpose loans and primary residence loans. An individual with a 401(k) savings account may request a general purpose loan at any time for any purpose, whereas as one would guess, a primary residence loan is available only to purchase a home. Loans act as vehicles for an individual to withdraw their balances as they are treated as loans taken from the individual's 401(k) account itself; an individual cannot borrow more than 50% of their remaining 401(k) account balances (minus any outstanding loans), interest is charged at the prime interest rate and any repayments and interest is accrued to the individual's own 401(k) account. Any defaults are treated as withdrawals.
Figures 5 and 6 graph the rate at which new withdrawals and loans are taken out by race and age. Within a given age group, African Americans tend to make the most withdrawals and in most years take the most loans as well, followed by Hispanics. Whites persistently tend to take out the least loans and make the least withdrawals in a given year.
Allocations
Several studies have shown that one of the potential drivers of the ethnic wealth gap is the way in which people of different ethnicities invest their money. In this set of models we examine how people of different races choose to allocate their savings between various asset classes. Individuals within the employer's 401(k) plan are offered a range of choices in terms of where to invest their 401(k) savings. Choices comprise funds run by various providers, and differ in terms of their risk/return objectives and maturities. In order to abstract from these complexities, we separate the menu of choices into three categories: stock funds, bond funds and money market funds. Employees are also offered company stock as an investment category, but we choose to exclude all investments in this category as during the sample period, the 401(k) plan was such that all employer match contributions were made to company stock, and a holding period was required before funds held in company stock could be rebalanced into other asset classes (this policy has since been changed). This makes it difficult to measure, which contributions into company stock are intentional and which are simply due to company policy.
The set of models used here are logistic regressions, where the dependent variables are binary and take on the value 1 if an individual makes a contribution to the given type of fund in a particular year. By using binary as opposed to continuous contribution amount variables, we avoid details regarding percentage portfolio allocations and differing levels of 401(k) savings and simply focus on whether or not an individual made an investment in a particular asset type. Unless the individual has substantial outside asset holdings, we expect individuals to diversify their holdings and invest in various asset classes.
Statistical Methods
Primary Analyses
Our primary analyses examines saving behavior along four different dimensions: participation, contributions, balances, and withdrawals/loans. For each outcome, we estimate a series of regression to describe differences by race/ethnicity. In our base model, model 1, we estimate 2 We assume that middle to upper-middle income earners in our sample will likely hold a large proportion of their financial market investments in their 401(k) accounts as opposed to outside vehicles (such as private brokerage accounts) due to the favorable tax treatment received by 401(k) investments as well as the generous terms of the company's 401(k) plan. Reasoning along these lines we would expect that an analysis relying on binary variables would not have much to say about the issue of racial investment allocations but surprisingly, we will show strong pattern in the classes of assets minorities and Whites invest their 401(k) savings in.
where the is the savings outcome of interest, is an indictor variable for race, is vector of time-invariant individual factors such as birth year, gender and employee type, is yearly income from company W2 filings is the individuals risk score in a specific year, is the county-level yearly unemployment rate, is series of controls for each location, and is a series of controls for year. For dichotomous outcomes these regressions are modeled using logistic random effects models and for continuous outcomes they are modeled using random effects linear regressions. All models account for heteroskedasticity by using Huber-White (White 1980 ) robust standard errors. We similarly examine differences 401(k) portfolio allocation mix by race. In this set of models we examine how people of different races choose to allocate their savings between various asset classes categorized into classes as noted above. For each of these asset classes, we estimate three models, similar to model 1, were is dichotomous variable to indicate if an individual invested any portion of their portfolio in that specific asset class.
Sensitivity Analyses
We also conduct two supplemental analyses to ensure that the measurement of the participation or contribution outcome is not sensitive to the method of measurement. For participation, we note that some may consider it more appropriate to limit participation to individuals who actively participate, i.e. if the individual himself/herself made any contribution to the 401(k) account. In several years of the data we cannot separate employee or employer contributions; however, we can do so for five of the survey years. Therefore we reestimate Model 1 defining participation as only those who make a contribution themselves.
We also re-examine the measurement of contributions. One potential source of error in this analysis is the structure of the 401(k) plan, which allows contributions both before and after tax. Before-tax and after-tax contributions are both recorded as their respective dollar amounts in our dataset, but are treated differently for accounting purposes in order to avoid double taxation. Aside from that, all 401(k) plans also stipulate different limits to the maximum allowable contribution depending whether contributions are made before or after tax. Therefore we reexamine contributions only made before taxes since so few people have after tax contributions.
Pathway analyses
In order to better understand our descriptive results, we perform mediation analyses by examining the same models as above, but adding one more construct, the mediator, to see if we can attenuate the relationship between race and saving behavior.
(Model 2)
This model is identical to model 1, except for the inclusion of, M, the mediating variable. We are interested if its inclusion reduces the magnitude of the race relationship estimated by . We investigate a series of mediators including family composition (Scholz and Seshadri 2007) , risk aversion, financial literacy (Lusardi and Mitchell 2007) and network effects (Duflo and Saez 2002) . Due to missing data, the mediation analysis will use a subset of observation and the number of observations will vary in each of these analyses. Again, for dichotomous outcomes these regressions are modeled as a logistic random effects model and for continuous outcomes they are modeled using random effects linear regressions. All models account for heteroskedasticity by using Huber-White robust standard errors.
Results
In this section we will focus on describing the results from our main set of analyses and on addressing the various forms of errors that could arise as a result of variable definitions and the setting in which the data were generated and recorded. In the next section, we will discuss and test various hypotheses that could underlie the results presented in this section. Table 2 presents results from our base model on participation, contributions, and balances. Notably, even among this fairly homogeneous sample of employees there is a significant and substantial reduction in the likelihood that a given African American or Hispanic individual would participate in the plan. 3 Columns 2 and 3 of Table 2 presents the outcome of linear regression analyses where the dependent variables are logged contributions and the 401(k) contribution rate as a percent of annual income respectively. The analysis in Table  2 column 3 suggests that conditional on participation, Hispanics contributed a similar proportion of their income their 401(k) savings accounts as Whites. African Americans on the other hand, participate less and moreover, those who do participate tend to contribute less. The coefficients suggest that African Americans who do invest contribute 1.9% less of their income than do Whites ( = -1.86, 95% CI = [-2.25, -1.48]). Column 4 presents the results of a linear regression on logged 401(k) balances, limited to individuals who participate in the plan. The coefficients in this analysis indicate that both African Americans and Hispanics maintain lower 401(k) balances overall than Whites. Table 3 presents the regression analyses of race and a set of explanatory variables on withdrawals and loans made on 401(k) balances. For each of these binary dependent variables, we use a logistic regression to model the outcome. We limit the regression to only individuals who participated in the 401(k) plan. African Americans within in our sample are much more likely to make a withdrawal (OR = 8.2, 95% CI = [6.2, 10.9]) and to take a loan (OR = 2.2, 95% CI = [1.9, 2.5]) in a given year than White employees. 4 Hispanics also withdraw at a higher rate than do Whites (OR = 1.83, 95% CI = [1.3, 2.6]), and also take out loans at a higher rate (OR = 1.7, 95% CI = [1.4, 2.0]). Both Hispanics and African Americans draw down their 401(k) balances through withdrawals and loans at a higher rate than Whites, but African Americans take withdrawals at a much higher rate than even their Hispanic colleagues. Drawing down on 401(k) balances not only reduces retirement savings by the amount withdrawn (although loans are repaid and so the net effect is that the principal remains in 3 As a benchmark, the odds of a randomly selected individual participating in the plan was 4.75 during 2003, the year with the least participation and 11.30 during 2007, the year when participation was the highest. In order to get a sense of the magnitude of this, if the odds ratio were at those levels, then a ballpark estimation indicates that all else being equal the probability of an African American participating would be reduced to 53% from 83% in the former case, and 73% from 92% in the latter. 4 As a ballpark estimate to illustrate the impact of an African American coefficient of 8, using as a baseline probability the number of withdrawals (11,663) as a proportion of total observations in the sample (67,354), we get a baseline probability of 17%. This gives an odds ratio of 0.21, and the African American flag increases this odds ratio to 1.68, thus corresponding to a probability of 63%. Given that we have 1746 observations of African Americans making withdrawals in our sample, and 4452 person-year observations of African Americans in total, this translates to 40% probability of a randomly selected African American making a withdrawal in a randomly selected year. This compares to a 17% probability of a randomly selected White person making a withdrawal in a randomly selected year. The case for loans is similar, and the effect is small only in comparison to the effect on withdrawals. retirement savings), but also causes the individual to miss out on any capital gains that might have resulted had those balances been held within the 401(k) account.
Participation, Contributions and Balances
Withdrawals and Loans
Allocation-Mix Models
In Table 4 , we present difference in allocation mix by race. We find that relative to Whites, Hispanics and African Americans in our sample tend to favor safer asset classes as opposed to stocks. We see that both Hispanics and African Americans contribute to stock funds at a lower rate than their White colleagues. 
Robustness Analyses
Alternative definitions of participation
Some may argue that it is more appropriate to consider the individual an active participant only if the individual herself made the contribution. While there were data-related challenges in separating out individual contributions from employer contributions for all years, for 5 years (2003, 2004, 2008, 2009 & 2010) we were able to separate out employee from employer contribution. We re-estimate Model 1 using only selfparticipation as the outcome variable. We find almost identical similar magnitudes for the lower participation rates of African Americans and Hispanic employees relative to White employees (See Table 5 , columns 1 and 2). Therefore, we conclude that this definition distinction does not affect our results.
Pretax contributions
As noted above there is different marginal benefits to 401(k) contributions based on whether the contribution is before tax or after. In the analyses above we present all contributions. However, only about 10% of the cohort makes any after tax contributions to the 401(k) plans. To ensure the robustness of our results, we further verify that our results are indeed robust to examining only pre-tax contribution, by including a separate regression with only before tax contributions in Table 5 , column 3 (note that not all years can be included here as we are unable to separate the contribution type for all years).
Discussion and Pathway Analyses
We explore a series of pathways in which race/ethnicity could affect savings behavior. We explore several pathways put forth in the literature on the wealth gap in our data using simple mediation analyses. The pathway analyses assume that race is associated with a mediating variable, and that this mediating factor can explain a portion of the relationship between race and saving behavior. We implement these analyses in the spirit that attenuation potentially evidences a valid pathway, whereas a negative result (no effect) does not imply the absence of a pathway but rather, is more likely due to limitations in our data.
Family Size and Composition
For 56% percent of the sample, we know the number of children in the household under six years old for each year. This is an important cut-off because childcare is quite expensive until children enter school. If African Americans and Hispanics have larger households, particularly with more young children, then the difference in participation and saving amounts could be a mechanical relation, where retirement savings is reduced to pay for necessary childcare. When we estimate the mediation model, Model 2, with number of children under age 6 in each year for each employee in our cohort, we find no substantial change in the magnitude of participation, contributions, balances, loans and withdrawals for Hispanics or African Americans (See Tables 6 and Table 7) . Unfortunately, we do no have yearly information on spouses or cohabitation of domestic partners which also affects household size and composition.
Risk Aversion
While we do not have access to employees to ask standard risk aversion questions, we have a behavioral proxy for this construct. In particular, sometime in the period [2003] [2004] [2005] [2006] 5 , the employer-sponsored insurance options were changed for a subsample of employees in such a way that there was no default option, necessitating an active choice on the part of the employee. In addition, the company insurance options all include the same provider network, therefore there is no potential that insurance choices are being made to keep a particular provider or other unique aspect of the benefit unrelated to financial design. Given that insurance decisions expose workers to varying amounts of financial risk and the monetary differences between insurance options are often economically meaningful, choices on insurance could serve as a measure of risk aversion and are potentially more realistic than measures based on hypothetical lotteries often used in surveys. A similar measure has been used previously as a measure of relative risk aversion (Einav, Finkelstein et al. 2012 ). There are 5 plans/levels 6 , which we use as a proxy for an employee's risk aversion, and we include this time invariant variable as a mediating variable.
The addition of risk aversion substantially attenuates the differences in participation rates for African Americans and Hispanics relative to White. While African Americans still participate less, the magnitude of the coefficient on African American is essentially halved (see Tables 8 and Table 9 ) and Hispanics no longer participate at a lower rate than whites. This suggests that risk aversion mediates the decision to participate in the employer sponsored 401(k) plan. However, conditional on participation, African Americans still contribute 1.5% less. In addition, if we examine allocations, we find that the addition of this measure or relative risk aversion eliminates the significance of ethnic differences in choosing stock funds and the most risk adverse group contributes to stocks less (see Table 9 ). This measure is not a perfect proxy for pure risk aversion because it likely includes considerations of pre-existing health conditions and consumption tradeoffs. While the estimated gradients on this risk aversion measures are not perfectly monotonic, the patterns are largely inline with theory.
Financial Literacy
Financial literacy has been shown to substantially affect savings behavior. Moreover, there are substantial differences in financial literacy by education (Lusardi and Mitchell 2011 ). While we do not have a direct measure of financial literacy, we can distinguish whether workers were hourly or salaried employees. This employee type variable can serve as a crude proxy for financial literacy based on the idea that salaried workers generally have a college education while hourly workers do not (Worthington 2006 , Lusardi and Mitchell 2007 , Delavande, Rohwedder et al. 2008 ). Previously we include this variable as a control variable in model 1. Excluding this variable does lead to larger differences in the magnitudes of participation rates and savings as a portion of income, which suggests that employee status does mediate the relationship somewhat (analysis not shown, but available). However, it may be that much of the ethnic differences are driven by the differences in racial composition of employee types. We therefore include an interaction term between employee status and race to investigate these relations further. We find that salaried African Americans are less likely to participate relative to salaried whites (OR = 0.30, 95% CI = [0.13, 0.67]), but Hispanic salaried workers participate at a similar rate as white salaried workers. Moreover, hourly African Americans and Hourly Hispanics participate less than hourly white workers (See Table 10 ).
Network Effects
In order to measure the effect of peer groups on 401(k) behavior, at each location we calculate the proportion of people in the same gender, ethnicity and employment type that participate in the 401(k) plans. We use this variable as proxy for how people within each workers peer groups participate in the 401(k) plans, and include this in the regression models as a mediating factor. We find the including this variable does mediate the relationship between race and savings behavior substantially (See Table 11 ). We interpret these results to suggest that peer groups may act as vehicle for information dissemination; however, we interpret this mediation analysis with caution because peer networks are assumed based on demographic and location characteristics alone.
Conclusions
In this paper we demonstrate that even within a single employer architecture, there is substantial difference in 401(k) savings behavior by employee ethnicity. We show both African American and Hispanic employees are less likely to participate in the 401(k) plans. Moreover, conditional on participation African Americans contribute a lower proportion of their income to their 401(k) plan on average. We also show that African Americans and Hispanics tend to draw down on their 401(k) balances more often through withdrawals and loans and this may cause lower average accumulations among these ethnicities over time. We also show that both African Americans and Hispanics tend to favor safer assets as opposed to Whites and this should have strong impact on the level of balances accumulated by these individuals and therefore overall wealth.
We undertake several supplementary analyses to better understand pathways that underlie some of the differences in savings behaviors across ethnicities. To explore this we conduct mediation analyses, using proxy variables for household composition, risk aversion, financial literacy, and peer networks. In each case the measurement of the construct of interest is imprecise relative to the underlying construct of interest. Nonetheless, we find suggestive evidence that both risk aversion and peer networks mediate some of the relationship between ethnicity and savings behavior.
There are other important factors that we would have liked to include in our analyses. For example, household income is an important variable for which we have no measure. If income shocks are distributed unevenly across groups and if such shocks affect savings behavior, then they are likely to mediate the observed relationship. Another variable of interest would be a measure of institutional distrust. If the legacy of contentious race relations has made certain ethnicities, such as African Americans and Hispanics, less likely to trust or invest in established/formal sector financial institutions, then that too could mediate the relationships observed. While these important constructs are missing in our mediation analyses, the primary results that there are substantial differences in savings behavior by race still hold. In future analyses we will link employees to households, allowing us to account for the impact of spousal income on savings behavior. This will allow us to address the issue of household income shocks. Regrettably we do not have an apparent data source to further explore psychological pathways, such as institutional distrust within the current data framework. 
